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THE FARLY THEORY of rent and location concerned itself primarily
with agricultural land. This was quite natural, for Ricardo and Malthus
lived in an agricultural society. The foundations of the formal spatial
analysis of agricultural rent and location are found in the work of J.
vinr Mwnen, who aaid, withoit going into iletail, that the veban land
market operated under the same principles. As cities grew in import-
ance, relatively little attention was paid to the theory ofurban rents.
Even the great Marshall provided interesting but only random insights,
and no explicit theory of the urban land market and urban locations was
developed.

Since the beginning of the twentieth century there has beep considerable
interest in the urban land market in America. R.M. Hurd” in 1903 and
R. l[ai;;3 in the twenties tried to create a theory of urban land by fol-
lowing von Thunen, However, their approrch copied the form rather than
the logic of agricultural theory, and the resulting theory can be shown
to be insufficient on its own premises., In particular, the theory
failed to consider residences, which consztitute the preponderant land
use in urban areas.

Yet there are interesting problems that & theory of urban land must
consider. There ig, for instance, s paradox in American cities: the
poor live near the center, on expensive land, and the rich on the
periphery, on cheap land. On the logical side, there arec also aapects
of great interest, but which increase the difficulty of the analysix.
When a purchaser acquirea land, he acquires two goods (land and loca-
tion) in only one trensaction, and only one payment is made for the
combination, He could buy the same quantity of land at another loca-
tion, ot he could tuy more, or less land at the seme location. In the
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analysis, one encounters, as well, a negative good (distance) with
positive coats (commuting coats); or, conversely, a positive good
(accessibility) with negative costs (savings in commuting). In com-
parison with agriculture, the urban case presents another difficulty.
In agriculture, the location is extensive: many square miles may be
devoted to one crop. In the urban case the site tends to be much small-
er, and the location may be regarded ax n dimensionless point rather
than an area. Yet the thousands or millions of dimensionless points
which constitute the city, when taken together, cover extensive areas,
How can these dimensioniess points be aggregated inte two-dimensional
space?

Here 1 will present a non-mathematical over-view, without trying to
give it full precision, of the long and rather complex mathematica
analysis which constitures a formal theory of the urban land market.
Tt is a static model in which change is introduced by comparative
statics, And it is an economic model: it speaks of economig men, and
it goes without saying that renl men and social groups have needs,
emotiona, and desires which are not conzidered here. This analysis
uses concepts which fit with agricultural rent theory in such a way
that urban and rural land uses may be considered at the same time, in
terms of a single theory. Therefore, we must examine firat a very
simplified model of the agricultural land market.

AGRICULTURAL MODEL

In this model, the farmers are grouped around a single market, where
they sell their products. If the product is wheat, and the produce of
one acre of wheat aells for $100 at the market while the costs of pro-
duction are $50 per acre, a farmer growing wheat at the market would
make a profit of $50 per acre. But if he is producing at some distance-
say, S miles - and it costa him $5 per mile to ship an acre's peodust,
his transport costs will be $25 per acre. His profits will be equal to
value minus production costs minus shipping charges: 100-50-25 =« $25,
This relation may be shown disgrammatically (aee Figure 1), At the
market, the farmer's profits are $50, and 5 miles out, $25; at inter-
mediate distance, he will receive intermediate profits., Finally, at a
distance of 10miles from the market, his production costs plus shipping
charges will just equal the value of his produce at the market. At
distances greater than 10 miles, the farmer would operate at a loss.

In this model, the profita derived by the farmers are tied directly to
their location. If the functions of famer and landowner are viewed as
separate, famers will hid rents for land according to the profitability
of the location The profits of the farmer will therefore be shared
with the landowner through rent payments. As farmers bid againzst each
other for the more profitable locations, until farmers’ profits are

41 full devefopment of the theory ia prescnted in my doctoral disserta-
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everywhere the aame (“normal® profits), what we have called profita be-
comea rent. Thua, the curve in Figure 1, which we derived as a farmers'
profit curve, once we distinguish between the roles of the farmer and
the landowner, becames & bid rent function, representing the price or
rent per acre that farmers will be willing to pay for land at the dif-
ferent locations.

We have shown that the slope of the rent curve will be fixed by the
transport costs on the produce. The level of the curve will be aset by
the price of the produce at the market. Examine Figure 2. The lower
curve ig that of Figure 1, where the price of wheat ia $100 at the mar-
ket, and production costs are $50. If demand increasea, and the price
of wheat at the market rises to $125 (while production and tranaport
costs remain constant), profits or bid rent at the market will be $75;
at 5miles, $50; $25 at 10 miles, and zero at 15 miles. Thus, each bid
rent curve is s function of rent va, distance, but there ie a family of
such curves, the level of any one determined by the price of the pro-
duce at the market, higher prices setting higher curves.

Consider now the production of peas, Aasume that the price at the mar-
ket of one acre’'s production of peaa is $150, the costs of production
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are §$75, and the transport costs per mile are $10. These conditions
will yield curve MN in Figure 3, where bid rent by pea farmers at the
market is $75 per acre, 5 miles from the market $25, and zero at 7.5§
miles. Qurve RS represents hid rents by wheat farmers, at a price of
$100 for whent, If will be seen that pea farmers can bid higher rents
in the range of O to 5 miles from the market; farther out, wheat frrmers
can bid higher rents. Therefore, pea farming will take place in the
ring from 0 to S miles from the market, and wheat farming in the ring
from S to 10 miles. Segments MT of the bid rent curve of pea farming
and TS of wheat farming will he the effective rents, while segments
RT end TN represent unsuccessful bids.

The price of the product is determined by the supply-demand relations
at the market, If the region between zero and 5 miles produces top
many peas, the price of the product wiil drop, end a lower bid rent
curve for pea farming will come into effect, so that pea farming will
be practiced to some distance legs than 5 milesx,

Abstracting this view of the agricultural land market, we have that:

(1) iand uses determine land values, through competitiwve bidding among
farmers;



(2)
(3)
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land valuex distrilute land uses, according to their ahility to pay:
the ateeper curves capture the central locations. (This point is a
wimplified one for simple, well-behaved curves.

Abstracting the process now from agriculture, we have:

(1)

(2)
(3)

for each user of land (e.g., wheat famer) a family of bid rent
functions ia derived, such that the user is indifferent rs to his
location along any one of these functiona (hecause the famer, who
is the decision-maker in this case, finds that profits are every-
where the same, i.e., normal, as long as he remains on one curve);
the equilibrium rent st any location is found by comparing the bids
of the various potential users and choosing the highest;
equilibrium quantities of land are found by selecting the proper bid
rent curve for each user {(in the agricultural case, the curve which
equates supply and demand for the produce).

BUSINESS

We ashall now consider the urban businessman, who, we shall assume, makes

his

decisions sc as to maximize profits. A bid rent curve for the busi-
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nessman, then, will be one along which profits are everywhere the seme:
the decision-maker will be indifferent as to his location along such a
curve.

Profit may be defined as the remainder from the volume of business after
operating costa and land costs have been deducted. Since in most cases
the volume of business of a firm as well as its operating costs will
vary with its location, the rate of change of the bid rent curve will
bear no simple relation te tranzport costs (as it did in agriculture),
The rate of change of the tatal bid rent for a firm, where profits are
constant by definition, will he equal to the rate of change in the wol-
ume of business minus the rate of chenge in operating costs. Therefore
the slope of the bid rent curve, the values of which are in terms of
dollars per unit of land, will be equal to the rate of change in the
volume of business minus the rate of change in operating costs, divided
by the area occupied by the establishment.

A different level of profits would yield a different hid rent curve.
The higher the bid rent curve, the lawer the prafits, since land is more
expensive, Therc will be a higheat curve, where profits will be zero.
At higher land rents the firm could only operate at a loss.

Thus we have, as in the case of the farmer, & family of bid rent clurves,
along the path of any ane of which the Jecision-maker - in this case,
the busineasman - is indifferent. Whereas in the case of the farmer the
level of the curve is determined by the price of the produce, while
profits are in all cases “normal®™, i.e., the same, in the case of the
urban fium, the level of the curve 1s determined by the level of the
profits, and the price of its products may e regarded for our purposes
As constant.

RESIDENTIAL

The household differs from the farmer and the urban fimm in that satis-
faction rather than profits is the relevant criterion of optional
location. A consumer, given his income and his pattern of tastes, will
seek tobalance the costs and bother of commuting ageinst the advantages
of cheaper land with increasing distence from the center of the city
and the satisfaction of more space for living., When the individual
consumer faces a given pattern of land coats, his equilibrium location
and the size of his site will be in terms of the marginal changes of
these variables,

The bid rent curves of the individual will be such that, for any given
curve, the individusl will be equally satisfied at every location at
the price set by the curve, Along any bid rent curve, the price the
individual will bid for land will decresse with distance from the center
at a rate just sufficient to produce an income effect which will bal-
ance to his satisfaction the increased costs of commuting and the bother
of a long trip. This slope may be expressed quite precisely in mathe-
matical terms, but it is a complex expression, the exact interpretation
of which iz beyond the scope of this paper.
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Just as different prices of the produce set different levels for the
bid rent curves of the farmer, and different levels of profit for the
urban firm, different levels of satisfaction correspond to the various
levels of the family of bid rent curves of the individual househald.
The higher curves obviously yield less satisfaction because a higher
price is implied, so that, at any given location, the individual will
be ahle to afford less land and other goods.

INDIVIDUAL EQUILIBRIWM

It is obvious that families of bid rent curves are in many respects sim-
ilar to indifference curve mappings. However, they differ in xome im-
portant ways. Indif ference curves map a path of indifference (equal
satisfaction) between combinations of quantities of two goods. Bid rent
functions map an indifference path between the price of one good (land)
and quantities of another and strange type of good, distance from the
center of the city. Whereas indifference curves refer only to tastes
and not to budget, in the case of households, bid rent functions are
derived both from budget and taste considerations. In the case of the
urban firm, they might be termed isoprofit curves, A more superficial
i fference ix that, whereaa the higher indifference curves are the pre-
ferred ones, it is the lower bid rent curves that yield greater profits
or satisfaction. However, bid rent curveas may be used in a manner
analogous to that of indifference curves to find the equilibrium loca-
tion and land price for the resident or the urban firmm.

Assume you have been given a bid rent mapping of a land use, whether
business or residential {(curves brc , etc., in Figure 4). Super-
impose on the same diagram the actual“structure of land prices in the
city (curve $8)., The decision-maker will wish to reach the lowest
possible bid rent curve, Therefore, he will choose that point at which
the curve of actual prices (85) will be tangent to the lowest of the
bid rent curves with which it comes in contact (bre,), At thix point
will be the equilibrium loecation (L) and the equilibrium land rent (R)
for thia user of lpend. If he is a businessman, he will have maximized
profits: if he is a resident, he will have maximized satisfaction.

Note that to the left of this point of equilibrium (toward the center
of the city) the curve of actual prices is steeper than the bid rent
curve; to the right of this point (away from the center) it is leas
steep, Thia is another aspect of the rule we noted in the agricultural
model: the land uses with steeper bid rent curves capture the central
locations,

MARKET EQUILIBRIUM

We now have, conceptually, families of bid rent curves for all three
typea of land uses. We also know that the steeper curves will occupy
the more central locations. Therefore, if the curves of the various

users are ranked by steepneas, they will also be ranked in terms of
their accessibility from the center of the city in the final solution.
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Thus, if the curves of the business firm are steeper than those of
residences, amnd the residential curves steeper than the agricul tural,
there will be business at the center of the city, surrounded by resi-
dences, and these will be surrounded by agriculture,

This reasoning applies as well within land use groupings. For instance,
it can be shown that, given two individuals of similar tastes, hoth of
whom prefer living at low densities, if their incomes differ, the bid
rent curves of the wealthier will be flatter than those of the man of
lower income. Therefore, the poor will tend to central locations on
expensive land end the rich to cheaper land on the periphery., The
reason for this is not that the poor have greater parchasing power, tart
rather that they have steeper bid rent curves. This stems from the
fact that, at any given location, the poar can buy less land than the
rich, and since only a small quantity of land is involved, changes in
its price are not as important for the poor as the costs and incon-
venience of commuting. The ricti, on the other hand, buy greater
quantities of land, and are consequently affected hy changes in its
price to a greater degree. In other words, because of variations in
density among different levels of income, accessibility behaves as an
inferior good.
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Thus far, through ranking the bid rent curves by steepncss, we have
found the relative rankings of prices and leocations, lut not the actual
prices, locations, or densities. - It will be remembered that in the
agricultural case equilibrium levels were brought about by changes in
the price of the products, until the amount of land devoted to each
crop was in agreement with the demand for that crop,

For urban land this process is more complex. The determination of
densities (or their inverse, lot zize) and locations must be found si-
multancously with the resulting price structure. Very hriefly, the
method congists of assuming a price of land at the center of the city,
and determining the prices at all other locations by the competitive
bidding of the potential users of land in relation to this price. The
highest bid captures each location, and each bid is related to a most
preferred alternative through the use of bid rent curves. This most
preferred alternative is the marginal combination of price and lacation
for that particular land use. The quantities of land occupied by the
land users are determined by these prices, The locations are determined
by assigning to each successive user of land the location nvailable
nearest the center of the city after the assignment of land gquantities
to the higher amxd more central bidders,

Since initially the price at the center of the city was assumed, the
resulting set of prices, locations, and densities may be in error, A
stries of 1terationg will yield the correct solution, In some cases,
the solution may be found by a set of simultancous equations rather
than by the chain af steps which has just been outlined,

The made] presented in this paper corresponds to the simplest cuse: a
single-center city, on a featureless plain, with transportation in all
directions., However, the rensoning can lLe extended to cities with
several centers (shopping, office, manufacturing, ete. ), with structured
road patterns, and other realistic complications. The theory can also
be made to shed light on the effects of cconomic development, changes
in income structure, zoning regulations, taxation peolicies, and other.
At this stage, the model is purely theoretical; however, it iz hoped
that it may provide a logical structure for econometric models which
may be wseful for prediction.
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